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Abstract

This article reports two new experiments designed to test the Consciousness Causes Collapse
(CCC) interpretation of quantum mechanics via a subliminal priming paradigm. A radioactive
source was used to determine stimulus primes. Reaction times were compared across two
conditions: one in which primes were previously observed by a conscious agent and another in
which they remained shielded from observation. The CCC model predicts that unobserved primes
will persist in superposition, thereby diminishing their subsequent priming effect. These new data
collections were conducted as exploratory extensions to test alternative stimulus designs: an "X
vs. blank™ format and a "parallel vs. perpendicular” design. Both configurations demonstrated a
descriptive attenuation of the priming effect in the unobserved condition (a 59% reduction for X
vs blank; a 40% reduction for parallel vs perpendicular), with the effect reaching statistical
significance in the latter design. Finally, the two new datasets were combined with four previously
published experiments in a pooled analysis across six experiments. This analysis revealed a
significant interaction: observed primes were associated with larger priming effects than
unobserved primes (p = 1.9 x 10°%). This pattern is consistent with predictions derived from the
CCC interpretation of quantum mechanics, although independent replication is required to
determine robustness and generalizability.

Keywords: consciousness, quantum measurement problem, CCC interpretation, subliminal
priming, wavefunction collapse.

Using experimental psychology to test a physical hypothesis with metaphysical
implications is unusual. However, such investigations are important for the broader study of
consciousness and how consciousness fits into our physical universe. Just as abstract mathematics
finds applications in disciplines such as economics and physics, psychology’s methods can prove
beneficial beyond disciplinary walls. The following experiments endeavored to employ
methodologies in experimental psychology to test the Consciousness Causes Collapse
interpretation of quantum mechanics, a conjecture in the foundations of physics that, if true, would
have implications for our understanding of the role that consciousness plays in the nature of reality.



Quantum mechanics represents the most successful predictive framework in the history of
science. As a set of mathematical procedures, it operates with unparalleled precision. However,
the reality behind the procedures, specifically the transition from the probabilistic evolution of the
wave function to a singular observed state, remains the subject of intense debate (Mariani, 2024).
Before a measurement occurs, a quantum system evolves deterministically according to the
Schrodinger wave function, which describes all possible states of a particle as a distribution of
probabilities. Yet, upon measurement, this distribution "collapses™ into a singular, definite value.
This transition is not dictated by the deterministic evolution of the wave function preceding it;
rather, it appears to be a stochastic "selection” from the available possibilities. While repeating
measurements over time will eventually map out the amplitudes of the wave function, the outcome
of any single measurement is fundamentally undetermined by its prior physical state.

Surveys of the field demonstrate a lack of consensus regarding the physical reality
underlying these procedures (Gibney, 2025; Schlosshauer et al., 2013). The standard orthodoxy,
the Copenhagen Interpretation, suggests that possible states exist in a "superposition,” a
simultaneous manifestation of mutually exclusive properties, until the act of measurement forces
a resolution. However, Copenhagen is notoriously silent on what constitutes a "measurement.”
This ambiguity has given rise to several competing interpretations. The Many-Worlds
interpretation (Everett, 1957) claims that the universe branches every time a measurement is taken
on a quantum system, and that all the possibilities are actually realized in separate universes. Other
interpretations maintain that nonlocal hidden variables are determining the results of each
measurement (Bohm, 1980), or that the collapse of the wave function is a random yet objective
process (Ghirardi et al., 1986; Penrose, 1989).

The Consciousness Causes Collapse (CCC) interpretation is an augmentation of the
Copenhagen interpretation first suggested in the work of von Neumann (1932). It found early
support from Fritz London & Edmond Bauer (1939) and was expanded upon by Wigner (1961). It
suggests that the causal chain of physical interactions from the particle to the detector to the brain
does not possess a natural "break™ where collapse must occur. Mathematically, the superposition
persists through every physical medium. The only non-physical element capable of terminating
this "von Neumann chain" is the subjective perception of a conscious observer.

In the years since its inception, the CCC interpretation has been further developed by
researchers across a variety of disciplines, some using it to make a case for dualism (Schwartz &
Begley, 2002; Stapp, 2001; Walker, 2000) or for monistic idealism (Goswami, 1993; Lanza &
Berman, 2009). In addition, other researchers (Bierman, 2008; Levin, 2023) have used it to explain
the body of research supporting predictive anticipatory activity (Duggan & Tressoldi, 2018;
Mossbridge et al., 2014), as well as psi effects within quantum randomness (Radin et al., 2012).
However, the interpretation remains unpopular. Many consider the CCC interpretation to be
unparsimonious and unscientific because it introduces nonphysical elements into physics (e.g.,
Stenger, 1993). Furthermore, most scientists and philosophers consider consciousness itself to be
an entirely physical process (e.g., Dennett, 1991; Levine, 2001; Papineau, 2002), although this
view has been contested by others (e.g., Chalmers, 1995; Goff, 2019; Kastrup, 2019).



Nevertheless, interest in the CCC interpretation persists into the present day among researchers
who continue to argue that it remains a mathematically and conceptually viable way to interpret
quantum mechanics (Chalmers & McQueen, 2021; Kent, 2021).

The primary difficulty in testing the CCC is experimentally differentiating whether it is the
interaction with a physical measurement device that causes the wave function’s collapse, or if
conscious observation of that result is necessary for collapse to occur. These two processes appear
to be hopelessly intertwined: how does one measure a system without eventually observing the
result? To test the CCC, these two possibilities, environmental decoherence from a scaled-up
measurement device versus conscious observation of the device output, must be directly pitted
against each other in the experimental design. If it can be demonstrated that measurement in the
absence of consciousness brought about collapse, then the CCC is falsified, and other
interpretations (e.g., Many Worlds, Pilot Wave, Objective Collapse) remain viable candidates.
Conversely, if measurement without consciousness does not collapse the wave function, then
large, macro-scale superpositions are possible so long as they remain hidden from consciousness.
This is an empirical question that can be confronted using methods from experimental psychology
that exploit the gap between physical interaction and conscious observation. Specifically, the
human brain can serve as this non-conscious measurement device by utilizing the mechanism of
subliminal priming.

In experimental psychology, the term "priming" refers to a phenomenon where exposure
to an initial stimulus (the prime) influences the response to a subsequent stimulus (the target). In
congruent trials (e.g., the word "Happy" followed by a smiling face), reaction times are
significantly reduced. In incongruent trials (e.g., "Death™ followed by a smiling face), reaction
times increase due to cognitive interference. These effects are robust and have been utilized for
decades to map the architecture of the human mind (e.g., Fazio et al., 1986; Neely, 1977; Stenberg
et al., 1998). In recent years, researchers have even been able to prime participants subliminally
(Dehaene et al., 1998; Greenwald et al., 2003; Kouider & Dehaene, 2009). In such research,
subjects are flashed primes (such as a word or a symbol) on a computer screen for a length of time
that is just underneath the duration that can be consciously experienced (about 50 milliseconds).
Despite subjects reporting not being aware of seeing the primes, they demonstrated shorter reaction
times responding to stimuli that are congruent with the primes than to incongruent stimuli. Their
brains processed the meaning of the primes and began to react to them even though they were not
aware of it. The primes were processed unconsciously.

The research presented here is an attempt to expand upon previous tests of the CCC
interpretation using subliminal priming. In the original study (Lucido, 2023b), a sequence of
primes was derived from the radioactive decay frequency of a sample of uranium ore. These
primes, which consisted of single-digit numbers 1 through 9, were shielded from any interaction
with consciousness. The primes were then paired with target stimuli (also one-digit numbers) that
the participants were asked to rapidly respond to, indicating whether they were odd or even by
saying the words "odd" or "even™ into the laptop microphone. It was expected that the target stimuli
that were preceded by congruent primes (e.g., odd/odd or even/even) would be responded to faster



than those preceded by incongruent primes (e.g., odd/even or even/odd). However, since the
primes had yet to be exposed to conscious observation, according to the CCC, they should not yet
have collapsed into a definite state (i.e., an odd or an even number). They should still be in a state
of superposition. A prime in a state of superposition would be simultaneously congruent and
incongruent with the target stimuli and should not have the same effect on reaction times as would
a prime that is in a definite state. Before each participant took the reaction time test, the
experimenter scrolled through the computer code and directly observed half of the primes, and
only half of the primes, that were used. Participant response times to target stimuli preceded by
these "observed" primes populated the observed condition, and response times to those preceded
by primes that had yet to be observed populated the unobserved condition. The primes were found
to affect participant response times in the observed condition, but not in the unobserved condition.
These results appeared to align with the CCC interpretation of quantum mechanics.

A follow-up study (Lucido, 2024) using a keystroke response modality to indicate odd or
even, rather than saying the words in a microphone, yielded similar results. Two additional
experiments were conducted that further varied response modality, and the duration of the prime
presentation (Lucido, 2025). In all four of these experiments, primes that were previously exposed
to human observation exhibited greater congruent-versus-incongruent response time differences
as compared to those that were denied that observation. The nominal attenuation effects in the
unobserved conditions across these experiments ranged from 53% to 77%.

The two data collections conducted here are an attempt to determine if reducing the level
of abstraction in the priming task will still yield results in support of the CCC. A pilot study
(Lucido, 2023a) was conducted before the aforementioned published studies where equally
significant priming effects were obtained in both the observed and the unobserved conditions, and
the attenuation in the unobserved condition was only 4%. The experimental architecture of that
pilot was nearly identical to the four published studies in terms of procedural mechanics; however,
instead of utilizing odd and even numbers, both the subliminal primes and target stimuli consisted
of the directional symbols "<" and ">". Unlike the highly abstract semantic concepts of odd and
even, these directional symbols are fundamentally visuospatial. It was hypothesized that the
unobserved primes were producing a directional response impulse that was being subtly, yet
consciously, experienced by the participants. In other words, the subliminal symbols likely
generated an early, lateralized motor preparation bias (biasing the participant toward the left or the
right). This low-level physical impulse and its corresponding subjective awareness would have
prematurely collapsed the wave function and prevented the realization of a genuinely unobserved
condition®.

1 If this were the case, some practice would be required for this directional response impulse to become
established. Evidence supports this assertion. A reevaluation of the data in this pilot indicated that an attenuation rate
consistent with the four published studies existed in the first 50 trials of each participant, but then quickly dissipated
for subsequent trials.



While this confound was successfully mitigated by shifting to the highly abstract odd/even
design, it remains vital to demonstrate that the observed priming differentials are not merely an
artifact unique to the odd vs even design. To ensure generalizability, two alternative visuospatial
stimulus designs were selected. While these designs were conceived to operate at a lower level of
abstraction than odd and even numbers, they were also meant to avoid the immediate reflexive
motor priming triggered by directional arrows. The first utilized the single letter "X" and its
absence, a blank space, as both the primes and the stimulus items in the study, and the second
utilized a group of parallel and perpendicular lines. Rather than conducting these final two data
collections as fully powered, independent experiments, they were built as exploratory extensions
to efficiently test the boundaries of alternative stimulus designs. Consequently, while individual
analyses of these datasets yield modest statistical power on their own, their primary empirical
value is additive, designed from the outset to be synthesized within the higher-powered framework
of the six-experiment pooled analysis.

Across both data collections, a sequence of stimulus primes was derived directly from
quantum events without any contact from a conscious observer. According to the CCC
interpretation, these primes, having not yet been exposed to conscious observation, would not yet
have collapsed into an exact state. These primes, still in a state of superposition, were paired with
target stimuli that the participants were asked to rapidly respond to. The participants' response
times were measured. This experimental condition is henceforth referred to as the unobserved
condition. The primes in the control condition were prepared identically to the experimental
condition, with the exception that they were viewed by the experimenter on the computer screen
prior to the participant’s engagement in the response time task. This step entailed the experimenter
viewing the primes in the computer source code, while not scrolling down far enough to view the
primes in the unobserved condition. This condition henceforth is referred to as the observed
condition. A prime in a state of superposition should be neither congruent nor incongruent with
the stimulus. Therefore, it is hypothesized that if the CCC interpretation of quantum mechanics is
correct, the stimulus primes should not have the same effect on reaction time (reducing it when
congruent and increasing it when incongruent) in the unobserved condition as they will in the
observed condition.

X vs Blank Design
Method

A Geiger counter was used to measure the radioactive decay from a small sample of
uranium ore during a series of 4-second intervals of time. These data determined the primes used
for each trial through a predetermined correspondence within the computer program. This process
was shielded from human observation. The target stimuli consisted of either the letter "X" or a
blank space. The primes also consisted of one of these two options. Upon viewing the stimulus
items, the participants were asked to respond as quickly as possible to each item indicating whether



they saw the X or the blank space by pressing separate keys. The time it took for the participants
to respond was measured automatically by the computer program to an accuracy of 1 millisecond.

In each session the participants were asked to respond to a set of 100 target stimuli. The
primes were systematically alternated between the observed and the unobserved conditions once
every five items. Each item began with a forward mask, a nonsense series of symbols that remained
on the screen for a duration of 167 milliseconds. This was immediately followed by a prime that
remained on the screen for 50 milliseconds. The prime was followed by a backward mask (a
different series of nonsense symbols) that remained on the screen for a duration of 33 milliseconds,
followed by the presentation of the stimulus symbol, which remained visible on the screen until
the participant responded by striking their keypad to indicate if they saw either the X or the blank
space following the masks. The interval between the presentation of the stimulus and the
participant's response was recorded in the program along with the response itself. The target stimuli
were pseudo-randomly assigned by a deterministic function within the computer program.

Because of the setup just described, sometimes a prime of "X" was followed by a target
stimulus of "X", and sometimes a prime of a blank space was followed by a target stimulus of a
blank space. In these cases, the primes were labeled as being congruent with the target. However,
in other cases, a blank space prime preceded a target stimulus of "X", or an " X" prime was followed
by a target stimulus of a blank space. In these cases, the primes were labeled as being incongruent
with the target. One tailed p values were used throughout due to the priming effects and the study
hypotheses in all cases being directional.

Results

Five participants responded correctly to 1,332 trials (655 in the observed condition and 677
in the unobserved condition). Within the observed condition, participants correctly responded to
327 trials whose primes were congruent with the target stimulus and 328 trials whose primes were
incongruent; the unobserved condition contained 362 congruent trials and 315 incongruent trials.
There were 86 errors found in the observed condition (42 congruent/44 incongruent) and 67 errors
found within the unobserved condition (22 congruent/45 incongruent).  Fifteen trials were
excluded because responses were not provided within the 800-ms response window. The nominal
priming effect of 19.98 ms in the observed condition was attenuated by 59% to an effect of only
8.28 ms in the unobserved condition. The means and standard deviations for the congruent and
incongruent trials, broken down by condition, are presented in Table 1.



Table 1. Response Time Means in Milliseconds and Standard Deviations Across Primes and Conditions
for X vs Blank Space Design

Observed Condition Unobserved Condition
N M SD N M SD
Incongruent Prime 328 376.52 74.68 315 368.07 74.56
Congruent Prime 327 356.54 81.05 362 359.79 80.16
Mean Response 19.98 8.28

Time Difference

Observed vs Unobserved

Raw Effect Difference 11.70

Attenuation 59%

Reaction times were analyzed using a linear mixed-effects model (LMM) treating each
block session as a random intercept. The primes were found to have a significant effect on reaction
time within the observed condition (F(1, 1313) = 11.00, p <.001) and the unobserved condition
(F(1, 1314) = 3.64, p =.028). The interaction between observation status and congruency was
not statistically significant (F(1, 1313) = 1.02, p =.157), however, the structural attenuation of
the priming effect, where the magnitude in the unobserved condition was approximately half of
that in the observed condition, is descriptively consistent with patterns observed elsewhere in the
research program. These effects are illustrated in Figure 1. The complete LMM architecture,
including fixed-effect confidence intervals, random-effect variance components, and model fit
indices is comprehensively detailed in Table A1 within the supplemental appendix.

Figure 1. Priming Effects Across Observed and Unobserved Conditions in X vs Blank Design

== Congruent Primes Incongruent Pirimes

380

Note. Estimated marginal means of
participant reaction times (in
milliseconds). The blue solid line
represents congruent trials, while the
orange dashed line represents incongruent
trials. The distance between the two lines
%0 —_— illustrates the magnitude of the priming

effect.

370

mean response time in milliseconds

350

Observed Condition Unobserved Condition



Discussion

Subliminal primes were derived from Geiger counter measurements of the fluctuations in
the radioactive decay of a small sample of uranium ore. Both the observed and the unobserved
primes yielded significant effects on reaction time. While the priming effect was descriptively
lower in the unobserved condition, that attenuation was not statistically significant.

Unlike the previous studies that primed in opposing directions, the blank stimulus may
have functioned as the absence of semantic content rather than as an active competing category,
which diminished the overall priming effect in the observed conditions by approximately half
compared to the previous studies. Because of this asymmetry, more statistical power appears to
have been needed for this data collection to act as a standalone experiment. However, the
descriptive results are in line with previous findings in that the priming effect in the unobserved
condition was found to be attenuated by 59% compared to that obtained in the observed condition.
These results are notable because they suggest it is possible to transition from higher-order
semantic primes (odd/even numbers) used in the previous studies to basic visuospatial primes (X
vs blank space) and still obtain the same nominal attenuation effect. This pattern across stimulus
formats suggests that the attenuation effect is not a quirk of linguistic or mathematical processing
tied to the previous methodology.

Parallel vs Perpendicular Design

Method

The target stimuli were drawn from either a group of parallel (=, ||, JII) or perpendicular

(+, #, X, 1) lines. Upon viewing the target stimuli, participants were asked to respond as quickly

as possible, indicating whether the lines they saw were parallel or perpendicular by pressing
separate keys on a keypad. Response latencies were automatically recorded by the software with
millisecond precision. In contrast to the previous experiments in this paradigm, the primes used

in this data collection were drawn exclusively from the set of two parallel lines (=, ||); no

perpendicular lines were utilized as primes. This asymmetric priming structure was designed to
create a stimulus configuration that, under the CCC interpretation, could yield different perceptual
implications depending on whether prime states remained unresolved or collapsed. The theoretical
rationale was that if these parallel primes remained unobserved and thus in a state of superposition,
their spatial coordinates if represented as a composite percept would produce the geometric
equivalent of a perpendicular presentation. The purpose of this design was to explore the extent to
which it is possible to create a prime configuration that carries a fundamentally different semantic
meaning while in superposition (i.e., perpendicular) than it would if each state collapsed and was
processed separately (i.e., parallel). This, parallel-primes-only, framework was conceived as the



primary design in this study. However, it was realized that the participants also needed to
experience perpendicular primes on some trials so that the parallel primes do not lose their effect.
Therefore, on the other half of the trials participants experienced primes that were drawn from the

whole set of available parallel and perpendicular lines. (=, ||, Jil H, #, X, +). The participant’s

trials were systematically altered between these parallel only or combined primes every five trials.
The number of trials per block and the exact display durations for the masks, primes, and target
stimuli were identical to those reported in the X vs Blank design. One tailed p values were used
throughout due to the priming effects and the study hypotheses in all cases being directional.

Results

Four participants completed this experiment and responded correctly to 1,139 total trials.
For the parallel only primes trials, they responded correctly to 577 trials (290 in the observed
condition and 287 in the unobserved condition). There were 26 errors in the observed condition
(10 congruent/16 incongruent) and 26 errors in the unobserved condition (6 congruent/20
incongruent). In total 58 trials were excluded because responses were not provided within the 800-
ms response window, however many of these (20) occurred during one session where an
interruption not related to the experiment caused the participant to stop the block early after
completing 58 of the 100 trials. Lastly, 13 trials were excluded due to the program’s failure to
produce a valid prime. Within the observed condition, participants correctly responded to 161 trials
whose primes were congruent with the target stimulus and 129 trials whose primes were
incongruent; the unobserved condition contained 148 congruent trials and 139 incongruent trials.
Consistent with the results of previous research, the nominal priming effect of 43.61 ms in the
observed condition was attenuated by 45% to an effect of 24.09 ms in the unobserved condition.

For the combined primes trials participants responded correctly to 562 items (288 in the
observed condition and 274 in the unobserved condition). There were 21 errors in the observed
condition (7 congruent/14 incongruent) and 30 errors in the unobserved condition (8 congruent/22
incongruent). In total 60 trials were excluded because responses were not provided within the
800-ms response window, however many of these (22) came from a single session that ended
early. Lastly, 23 trials were excluded due to the computer program’s failure to produce a valid
prime. The means and standard deviations for the congruent and incongruent trials broken down
by condition are presented in Table 2.
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Table 2. Response Time Means in Milliseconds and Standard Deviations Across Primes
And Conditions based on prime content

Parallel Primes-Only Parallel & Perpendicular Primes
Observed Condition Unobserved Condition Observed Condition Unobserved Condition
N M SD N M SD N M SD N M SD
Incongruent 129 427.03 62.85 139 420.43 63.18 142 427.39 68.41 134 419.74 61.63
Congruent 161 383.42 58.39 148 396.34 62.19 146 396.19 81.03 140 398.66 75.84
Priming Effect 43.61 24.09 31.20 21.08
Observed vs Unobserved Observed vs Unobserved
Raw Effect Difference 19.52 10.12
Attenuation 45% 32%

Reaction times were submitted to a linear mixed-effects model (LMM), treating each block
session as a random intercept. The complete architectural parameters of the maximal LMM,
including fixed-effect estimates, random-effect variance components, and overall fit indices, are
detailed in Table A2 within the supplemental appendix. Within the parallel primes only trials, the
primes were found to have a significant effect on reaction time in both the observed condition
(F(1,567) = 38.51, p <.001) and in the unobserved condition (F(1, 568) = 11.07, p <.001). The
interaction between observation status and congruency was statistically significant (F(1, 567) =
4.11, p < .026). The model-predicted estimated marginal means visualizing the interaction are
illustrated in Figure 2.

Figure 2. Priming Effects Across Observed and Unobserved Conditions in Parallel Primes Only
Trials

== Congruent Primes Incongruant Pirimes

430

Note. Estimated marginal means of
participant reaction times (in milliseconds).
The blue solid line represents congruent
trials, while the orange dashed line
represents incongruent trials. The distance
between the two lines illustrates the

- / magnitude of the priming effect.

380

420

410

400

mean response time in milliseconds

Observed Condition Unobserved Condition



11

Within the combined trials the primes were found to have a significant effect on reaction
time in the observed condition (F(1, 555) = 13.24, p < .001) and the unobserved condition (F(1,
554) = 9.56, p =.002). The interaction between observation and congruency was not statistically
significant  (F(1, 555) = .199, p = .329). The model-predicted estimated marginal means
visualizing the interaction are illustrated in Figure 3.

Figure 3. Priming Effects Across Observed and Unobserved Conditions in Combined Parallel and
Perpendicular Trials
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Discussion

Subliminal primes were derived from Geiger counter measurements of the fluctuations in
the radioactive decay of a small sample of uranium ore. Participants responded to two sets of
primes, the parallel only trials: where the prime was selected from the set of two parallel primes

(=, ||) or the combined prime trials where the prime was selected from a broader set of both parallel

and perpendicular primes (=, ||, JIl 1+, #, X, +). While both conditions produced nominal

attenuation of the priming effect in the unobserved conditions, the effect was only statistically
significant in the parallel only trials. Both sets of trials will be included in the 6 study pooled
analysis.

These results from the parallel only trials, despite its small sample size, may provide
exploratory evidence relevant to questions concerning the ontological status of the quantum
superposition. Since every prime was intrinsically parallel, this effect would not be expected if the
primes were processed distinctly in their individual states, but rather if they were smeared together
in a superimposed state where the parallel lines oriented in different directions presented
geometrically as a perpendicular structure. However, this rationale should be interpreted as a
speculative conceptual extension rather than a derived prediction from formal quantum theory.

Finally, the combined primes trials yielded the lowest of the marginal effects and the lowest
descriptive attenuations of all the studies completed to date, with the exception of the original pilot
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<vs >, One way to interpret this is by the level of abstraction. While not as directional as the <
vs > primes the primes are visual spatial in nature and may have been more susceptible to
directional response impulses relative to numerical properties such as odd or even, or even X vs
Blank (the notion of presence or absence). While it is not clear why the parallel only trials obtained
more attenuation than the combined trials, it may have to do with the definitive nature of the
crossed lines. In this paradigm the participants could be appraising each trial as do the lines cross?
In such a way perpendicular can be viewed as somewhat more definitive than parallel.

Pooled Analysis Across Six Experiments
Reanalysis of Studies 1-4

Because t-tests were originally used to evaluate mean differences in the four previously
published experiments, all four datasets were reanalyzed using linear mixed-effects models
(LMMs) to maintain consistency with the present experiments. Each unique experimental block
session was treated as a random intercept. After their publication seven miscodings of individual
trials were found in total across Study 1 and Study 2. The corrected versions are being used in the
analysis; the corrections changed the overall effects by only a fraction of one millisecond in both
cases. In Study 1, statistically significant priming effects were obtained within the observed
condition (F(1, 916) = 9.56, p =.001), but not within the unobserved condition (F(1, 922) = 0.47,
p = .247). This attenuation itself was found to be statistically significant (F(1, 923) =2.90, p =
.044). In Study 2, statistically significant priming effects were obtained within both the observed
condition (F(1, 1079) = 31.14, p = .001), and the unobserved condition (F(1, 1078) = 3.75, p =
.027). As in Study 1, the attenuation was statistically significant (F(1, 1076) = 6.76, p = .005). In
Study 3, significant priming effects were obtained within both the observed condition (F(1, 1671)
= 24, p <.001) and within the unobserved condition (F(1, 1675) = 14.8, p <.001). Again, the
attenuation was statistically significant (F(1, 1673) = 3.22, p = .036). Lastly, in Study 4
statistically significant priming effects were obtained within the observed condition (F(1, 1532) =
32.45, p <.001) and within the unobserved condition (F(1, 1535) = 10.54, p <.001). The attenuation
was again statistically significant (F(1, 1534) = 7.66, p = .003).

Selection of Experiments for Pooled Analysis

The four previously published experiments, along with the two new data collections, were
pooled for joint analysis. The pilot study (Lucido, 2023a) was excluded because, as previously
mentioned, the primes utilized were directional rather than abstract. An additional data collection
utilizing numerical primes, conducted online in May 2025 (Lucido & Rennie, 2025), was also
excluded. In that iteration, perhaps due to the limitations of the online format (where unmeasured
hardware latency and browser-refresh variations could obscure micro-millisecond visual priming
effects), no significant priming effects were obtained. In the observed condition the direction of
the priming effect was negative where congruent primes were responded to 8 ms slower than
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incongruent primes. Because the observed condition functions as the control for this paradigm,
the absence of an initial effect meant the experiment could not logically serve as a test for the
attenuation of unobserved primes. This exclusion criterion (requiring evidence of baseline priming
before attenuation testing) was applied because attenuation cannot be evaluated in the absence of
an initial priming effect.

Results of the Pooled Analysis

Data from six completed experiments (N = 7,755) were pooled retrospectively and
analyzed jointly using a linear mixed-effects model (LMM). Pooling was considered appropriate
because all experiments shared the same theoretical manipulation (observation status), identical
masking architecture, identical prime durations, and common dependent variables. Because
Studies 5 and 6 were designed as exploratory extensions rather than independent confirmatory
replications, this pooled analysis should be interpreted as an integrative estimate across related
datasets rather than as six independent demonstrations. To account for variance between different
iterations, environments, and participant cohorts, both experiment identity and unique
experimental block sessions were incorporated into the model as random intercept terms. One
tailed p values were used throughout due to the priming effects and the study hypotheses in all
cases being directional.

The joint analysis revealed significant priming effects in both the observed condition (F(1,
7644) = 133.04, p = 1.4x 10-*%) and the unobserved condition (F(1, 7655) = 38.69, p = 2.6 x 10717).
Notably, the priming effect based on the estimated marginal means in the observed condition
(36.47) was more than twice as large as the effect obtained in the unobserved condition (17.11).
This 53% attenuation of the priming magnitude in the unobserved condition was itself found to be
statistically significant (F(1, 7648) = 21.35, p = 1.9 x 10°). The model-predicted estimated
marginal means visualizing this interaction are illustrated in Figure 4, while Figure 5 provides a
side-by-side comparison of the nominal priming effects and corresponding p-values across all six
individual studies. The complete architectural parameters of the LMM—including fixed-effect
estimates, random-effect variance components, and overall fit indices are detailed in Table 3.

Figure 4. Aggregate Priming = Congruent Primes Incongruent Primes
Effects Across Observed and
Unobserved Conditions for the
Pooled Analysis
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Figure 5. Priming Effects and p Values Across All Six Studies
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B Observed Unobserved
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Study 1 Study 2 Study 3 Study 4 Study 5 Study 6
Design evenvsodd | evenvsodd | evenvsodd | evenvsodd | Xvsblank | paravs perp
Analyzed
Trials 928 1,089 1,708 1,559 1,332 1,139
Observed
p value .001 1.5x%x 1078 4.0x%x 1077 7.3x107° 45 % 10™ 3.0 x 10712
Unobserved
p value 247 .027 6.1 x10™ 5.8 x 10™ .028 6.5 x 1076
Interaction p
value .044 .005 .036 .003 157 .039
Nominal
Attenuation 7% 64% 53% 64% 59% 40%

Note. Study 6 contains the parallel-only and combined-prime trials from an aggregated LMM
which was thought to be redundant to present it in full. The 40% attenuation is based on the raw
scores of both sets of primes.



Table 3. Fixed and Random Effects of Priming on Reaction Time for the Pooled Analysis
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B SE 95% CI df t p
Fixed Effects
Intercept 497.28 51.88 [395.57, 598.98] 5.00 9.58 <.001
(Observed,
Congruent)
Observation -2.12 222 [-6.47,2.23] 7739.05 -0.96 .169
Status
(Unobserved)
Congruency 26.79 2.10 [22.68, 30.89] 7649.20 12.78 <.001
(Incongruent)
Interaction Effect
Unobserved x -19.37 4.19 [-27.58, -11.15] 7648.53 -4.62 <.001
Incongruent
Random Effects Variance Standard
Structure Component Deviation
Study Intercept 16027.9 126.60
Study Intercept
Nested Block 1671.9 40.89
Model Fit Indices Value
Total Observations (N) 7,755
Log-Likelihood -46082
Akaike Information 92179
Criterion (AIC)
Bayesian Information 92228

Criterion (BIC)

Note. LMM = Linear mixed-effects model (LMM); SE = standard error; Cl = confidence interval; The model included
fixed effects for Observation Status (Observed vs Unobserved) and Trial Type (Congruent vs Incongruent) with
random intercepts for study and nested block sessions
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Discussion

A pooled analysis was conducted on the six experiments testing the CCC through a
subliminal priming paradigm with abstract (i.e., non-directional) primes. Because the studies were
conducted within a single research program inferential claims should be interpreted cautiously.
Observed primes were associated with larger priming effects than unobserved primes (p = 1.9 x
10-%). This suggests that the attenuation of the unobserved primes, which ranged nominally from
40% to 77% across the experiments, is a directionally consistent effect that warrants further
investigation.

It is reasonable to search for explanations within the experimental procedures that could
account for this effect. Regarding the potential for order effects between observed and unobserved
primes, it should be noted that the rotation schedules varied across the studies. In Study 1, the first
block consisted of 40 unobserved primes followed by 40 observed primes. These were alternated
each block to achieve counterbalance (i.e., the second block presented the observed primes first).
The remaining studies did not use this macro-level block rotation; instead, the conditions switched
back and forth multiple times within each individual session. In Study 2, the condition order
alternated 6 times (every 15 trials) within each 90-trial experimental block. In Experiments 3 and
4, the conditions alternated every 9 trials within each 81-trial session, and in the final two
experiments, the conditions alternated every 5 trials within each 100-trial session.

It is also reasonable to consider whether the experimenter’s observation of the primes could
have inadvertently biased the results. The experimenter observed the primes manually by scrolling
through the source code to visually inspect only half of the prime sets. This observation was not
executed via a programmatic function where certain primes were selectively pulled for review; if
that were the case, selection bias might have been introduced. Rather, the only selection variable
was time. Data from the Geiger counter output were pasted from a distinct period of time to
generate the primes for each condition and each trial. It is theoretically assumed that these temporal
samples were statistically equivalent due to the fundamentally random nature of radioactive decay
and the underlying wave function itself. Furthermore, regarding potential expectancy effects, it
should be noted that the participants completing the reaction time tasks were entirely blind to the
observation status of the trials and were unaware of how the conditions were patterned within each
block.

Statistical Significance in the Unobserved Condition

While it is clear that the primes in the observed condition are much more effective than those
in the unobserved condition, it is true that the effects of the unobserved primes consistently reach
a level of statistical significance or trend toward significance in the majority of studies. There are
several possible reasons for this:
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e Collapse Prior to Testing: Unintended connections to conscious observation remain an
ever-present methodological vulnerability. If consciousness is uniquely necessary to
collapse the wave function, premature collapse could occur from an inadvertent connection
the quantum phenomenon has to any conscious observer in the environment. Although the
experimenter left the room while the primes were being generated, it is possible that the
generation event became entangled with a subsequent observation or environmental
variable that prematurely collapsed the wave function prior to the participant's interaction.

e Collapse During the Testing Session: Collapse during the reaction time test is also
possible if the participant consciously perceived the prime on a subset of the trials.
Depending on the visual acuity of the participant and the specific combination of target
stimuli, intermittent conscious perception is certainly possible, even if it only occurs on a
small minority of trials. Another possibility is the occurrence of directional response
impulses due to implicit learning across repeated trials. Specifically, as participants
progress through the testing blocks, they may begin experiencing response impulses to
react based on the brain's automatic processing of the subliminal primes. To the extent that
these impulses to react in a particular direction are subtly, consciously experienced, they
may be collapsing the wave function within the unobserved condition. Limiting the number
of trials completed by any single participant would help protect against this possibility.

General Discussion

Standard physicalist models, such as environmental decoherence, suggest that as soon as a
guantum system interacts with a large-scale "noisy" environment (like a Geiger counter or a
computer circuit), the wave function effectively classicalizes due to the rapid dissipation of phase
information into the environment. Given this, the primes in these experiments would be expected
to have settled into definite states before the selective observation by the experimenter, and
consequently, the priming effects within the observed and the unobserved conditions would be
expected to be statistically equivalent. However, the priming effects in the unobserved condition
were significantly attenuated.  Under the CCC interpretation, the attenuation effect of the
unobserved primes could be interpreted as evidence that many of the primes still remained in
superposition when the participants took the reaction time test. This implies that "interaction" is
not synonymous with "measurement.” A physical system can interact with a quantum event and
become entangled with it, but the resulting macro-system remains in a state of probability until a
conscious observer causes it to collapse into a specific state.

Limitations & Future Directions
The conclusions in this research are limited by a present lack of formal independent

replication. They are also limited by the total number of trials. Because extraordinary empirical
claims demand a commensurately rigorous standard of evidence, even though the additional data
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collections have expanded the global sample size to a more substantial figure (N = 7,755), it cannot
yet be considered definitive. To establish the validity of these findings, large-scale replications
from independent laboratories with trial totals extending into the tens of thousands will be required.
Lastly, because studies 5 and 6 were designed partly to extend previous findings, the pooled
analysis should not be interpreted as equivalent to six independent replications.

Although the attenuation of the effectiveness of unobserved primes is not directly predicted
by standard decoherence models, the fact that the priming effect is attenuated rather than fully
eradicated still requires explanation within the CCC framework. Are unknown experimental
inefficiencies resulting in the premature collapse of some unobserved primes? Is unwanted
collapse occurring within the reaction time task itself? Could the abstract designs still be
producing a muted directional response tendency in later trials that prevents full attenuation of the
priming effect, and if so could it be mitigated by limiting the number of trials completed by any
one participant? Future experiments may focus on clarifying the nature of the partial attenuation
observed in the unobserved condition and identifying factors that may contribute to it.
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Table Al. Fixed and Random Effects of Priming on Reaction Time for X vs Blank Design

B SE 95% ClI df t p
Fixed Effects
Intercept 366.70 10.51 [346.08, 387.31] 14.89 34.89 <.001
(Observed,
Congruent)
Observation -2.11 3.72 [-9.41, 5.20] 1312.99 -0.566 .286
Status
(Unobserved)
Congruency 13.833 3.74 [6.50, 21.17] 1313.70 3.70 <.001
Interaction Effect
Unobserved x -7.55 7.48 [-22.23, 7.13] 1313.86 -1.01 157
Incongruent
Random Effects Variance Standard
Structure Component Deviation
Too Block Intercept 1712.01 41.38
Variance
o? Residual 4598.61 67.81
Model Fit Indices Value
Total Observations (N) 1332
Log-Likelihood -7521.8
Akaike Information 15055.6
Criterion (AIC)
Bayesian Information 15086.7

Criterion (BIC)

Note. LMM = Linear mixed-effects model (LMM); SE = standard error; Cl = confidence interval; The model included
fixed effects for Observation Status (Observed vs Unobserved) and Trial Type (Congruent vs Incongruent),
with random intercepts specified for each block. Reaction times are reported in milliseconds.

Table A2. Fixed and Random Effects of Priming on Reaction Time for Parallel vs Perpendicular
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B SE 95% ClI df t p
Fixed Effects
Intercept 407.21 7.18 [393.13, 421.30] 6.03 56.71 <.001
(Observed,
Congruent)
Observation 0.26 3.85 [-7.28, 7.80] 1129.07 0.07 473
Status
(Unobserved)
Congruency 30.85 3.85 [23.29, 38.41] 1129.85 8.01 <.001
(Incongruent)
Interaction Effect
Unobserved x -13.58 7.72 [-28.73, 1.57] 1130.24 -1.76 .039
Incongruent
Random Effects Variance Standard
Structure Component Deviation
Too Block Intercept 334.46 18.29
Variance
o? Residual 4198.42 64.79
Model Fit Indices Value
Total Observations (N) 1,139
Log-Likelihood -6364.0
Akaike Information 12740.0
Criterion (AIC)
Bayesian Information 12770.3

Criterion (BIC)

Note. LMM = Linear mixed-effects model (LMM); SE = standard error; Cl = confidence interval; The model included
fixed effects for Observation Status (Observed vs Unobserved) and Trial Type (Congruent vs Incongruent), with
random intercepts specified for each block. Reaction times are reported in milliseconds.



